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(57) Abstract: 

PROBLEM TO BE SOLVED: To form a self-support GaN 
crystal having a possible wide area on a GaAs substrate 
by laying a mask having windows distributed with equal 
spacings on the GaAs substrate, forming a GaN layer on 
the masked part, and removing the GaAs substrate. 

SOLUTION: An SiN layer is formed on a GaAs substrate, 
regularly distributed windows are bored through it, 
there are three kinds of windows: staggered dot window, 
<1 1-2> and <1-10> stripe windows. Using thus windowed 
SiN as a mask, a GaN buffer layer and epitaxial layer 
are formed. The GaAs substrate covered with the mask 
having periodical windows is set in an HVPE apparatus to 
deposit GaN on the substrate, thus forming a GaN buffer 
layer on the GaAs substrate, and GaN is epitaxially 
grown on the buffer layer through the windows, the 
substrate is etched off with aqua regia to form a 
crystal of GaN only, both sides are polished to form a 
GaN single crystal substrate, and this is a 
serf-supporting film. 
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(54) ism<D&m GaN#«aiiSR^©8a*ft 



(57) [6ft] 

tflUrJJ] G a A s (111) Sfi^±Cfllf^X 

M O C ft Id «fc 0 {£ia^G aNA'777 JB &fl?/3c U H V 
PEffitCctOje5STfGaNXt;^=^->^;U)B*ff <^/S 
U GaAsSfiWS« e GaN(0@iI$:l<M 
£ b T H V P E m T G a N <£ J? ft W" U G a N > rf y h 
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1 

im>&mi] 2 0mmH±^)|Kfl /> o. 0 7m 
ni£LtCQ/fr2ft;frU git LX^Z>m&&WLftZ> G a 

WTi^u<!:$^|it^i>M 1 KlfE3Bc<E>G a Ni^ 

[8**514] ^t<OSiafC«J;SIJ6iK«»C^a{[fi4 0 0 n 10 
mfr 6 6 0 0 nmJcto/tO 12 0cm" 1 OTT^^u 
£ft#«S£T£ffi*rpt i {cffifiOG aNJIUHMUE. 

[■MSB 5] 0trtB|S)SM7MP aJ^TT'&^ft 
*H*i:?-*lil#J| 1 iCf2lTtoG a NlMtAH&K. 

[WW^RTH 6 ] mU(D\ihm*'m* 6 0 0 mmHiT»5 
C14:*«r«i-r*BI*a 1 iCE«©G aN**S»3S«. 

0. 5 5min£tT'r»*;:tS»«i'r*«ll*3Sl ICE 
•tOGaNJMSA&K. 

[fif^RJS 8] As^l 0 1 7 icm" 3 KT^tt^. 20 
C £*4fr«£-r*W#3B 1 tcfBifitOG a Nl£teA24E. 

[■3»B 9 ] jMXftSOttf) fc^*r Ltt ^ d t ft W« t 

T&m&m i iceucdg a NwtsaxtE. 
mmmi oi d 1 d GaAsa«0±c[i 1 
-2]*i«fc— 3enDBft*uTat«[- 1 1 o]*iat:tt 

*KyfffttA«©*«*T«vx^XB[l 1-2] 

x h 9 y«©jR ft *t * vx # =e l < tt 

[- 1 1 0]^jic#^X h9-f ^Ro***-r*vx 

^ftJBfiRU GaNyty^rBftlfttt, HVPEftCJ; 

0 G a Nftxtf^^^^;HS-S$-^G a A s &K&Rfck 30 

C t ft4*«t-rs G a N¥^Sffi«cDSSifi^fio 
m^mi 1} (111) GaAsSfiflDlCtl 1 
-2]3f|*]fc— ^WIHft45^TM«[- 1 1 0]#lfljfctt 

^tr-/^-rnfc^<D^ft*-r^vxi7x«[i 1 -2] 

[- 1 1 0];#|pjtc#tf£X h5-f7tt©«6*T5^ 
i7ftJB2fiJtU GaNA777lW, HVPEffildJ: 
•pTGaN^X^^xtMS^^ GaAsSK 
iSlTGaNSIS^lT, f©GaNSKO±tHV 
PESCioTG aN^KiSftxtf^ + ^^JUficS^b 40 

WXfJIBfMlCct 0 ^rrr^> £ £ ft«MS if £ G a NJfttt 
[0 0 0 1 J 

^«3*®# (GaN«) ftfflVi&5SJ£^-f^-— H (LE 

d) tfy-rsr— t* (ld) ^surftasjt*^© 

[0 0 0 2] 50 
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To 1f77<t (A 1 2 O, ) , S iC, Si. G a A 

_b iCGaN £ ft X tf ^ +■ * JUfiJE* b Tfln 

etiT^fe. It^r-Yi- (AI2O3) ffi^fcML^OTtc 
^T^Slllif±fe$,^) e GaNt»^ftttl6% 

a«a&*"t)<D©/t v7rm *miscrz> £ £ £ j; d g a 

N^(7)_hJcxtf^ + >-^;i/^.R-r^o £©J;'5&#]jft 

^affi±©GaNjRLEDttflTIE$nTV^. ifcGa 

[0 0 0 3] it^T-f tiGaN(0^tttft^a 
^n^fe^6T^^r-<^3£tR±«ctt^fl!W^:Ga 

I$nW5t)CDtt^TGaN/Al 2 0 3 ^itftj^ 

- 1 8 3 1 8 9^ 
<2)#M¥6 - 2 6 0 6 8 0^f 

[0004] hZL^ifivyr-l "^at«irt>a*5WiH*tft 

^t^r-f -V26«_hC0G aNxe^^v^;UJlco^Rg 
5 i)\ &A/£10 9 cm" 2 feO^lffi^g?^* 
jt)6fGaNLEDttfi**T*5. ^JMfeWttT* 

[0 0 0 5] b^bit^7^^^«fe^r>i^««fKj>S: 
»6^*^o ^^r-f*V (Ai 2 0 3 ) ttft^WKiftfi 

S*^5Tt)ft^. GaNft?igb, S«fc^ftX^/5F> 

^tl(Cffieii 0 GaN/^7.r-f^2£|SftLED 
9=-^ 7l:»jSIT5 1 g-oy-f ^>^inx*« b^ 0 

5? n ^ ^ ^ & jj m <d % co ft jtp b a x xmm to w -r 

««T4 21tt>*0^e*0tt(SVn ft*5, GaN 

bT, $»LfcW^gft$nT^§. 

®J. J. Appl.Phys. vol. 37, Par 12, No.-3B(I988) , ppL30 

9-L3I2 
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[0 0 0 6] *W 2/>>?&®S> J \Zffofrit>\ZS i CCQc): 

©Appl.Phys.Lett. vol.71, No. 17 (1997) 
lC«3SStlT^S. L^LS i ClCfclBJB****. ft* 

±fct>&*. s i cmmw<ommm\s^o tc&izm 

[0 0 0 7] ^mJcLT^JKOGaN^tt, 
M$L&>-HZG a N ^jjXS^itfc^^Tffi^S^Ii^^L'T^V^ 

[0 0 0 8] 2U«Ji{CGaN^Xtf^^->^;i/^S^^ 

*fcttas«* i o o ori^cDi&uiziim^tewn&te 
v>. tcft *> mm \z ttKUT # & s * l cd jt«[ 

GaAsttfil. 0 8<8, S i CteO. 8 7^, f 

[0009] mm. mM$vmmm&$k<Dm^z&z>m 

1 ORHIt G aUmm\zmJ&jrim'li\sG a N?«(C 

MiVKffift«iik(cj:$jB2 oniHa. i^mmz^otm 

*^tV>5CtT&5. it7yf ^2£+&t- GaN(Dfl 
«fc«Hr&*ft*ttG a N««tWAftV^tttt^. b 

A^^^rc^iz^mm^mmt^^c t^x^r^K m 

* Smmft COG a N/tt* 77^tl:i5GaN 

[0 0 10] ISDigoT^nfcf, Ga A s £ffi*K<hb 
T\ GaNMfi^^StWl 9 7 0*Fftfc*faWfc 
WftttStlfc, G a A s <hGaNCO^!0«IM-COliM^cn 

a>TJR0^RBt>^J&:V^i-r7?*S. b*>b JinSOS 

< G a NHfiffrfrfiLfc-olt. G a N*WtefiT&V>irt>& 

tt/KSH^COigia^TCOG a A s OA s ©3856^ NH 3 
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a s mR±<DG a N^-Jl^^<h^c^fWM^g$nT^^ 

ofcc i feft^JES^G a A s t G a N t Wft D 
^6t*5 5^. GaN^ftfgR^ltt-St, Ga 
Asttl. 2 iB5/4t)i8'5. S i C©»f- 

jfeSSc**. 1. 0 3^T*G aNtCjfitMfiT?**. I^T-f 

IMGaAsH GaN^SfciS^o GaN/GaA 
s (hi/^}I'&T/HX(itTI:2 0^bt\tiizt£&znm 

* & nfcffl*^to-a-T* o fee 

10 [0 0 11] Jaffi^llE^^oTV^co^GaN/^^T 

t^x^ teffi«aE**fi*tntf t>o in 

v^o ^^r^^»te^«kDia^W©GaN*rJcfi$^s 

©S-TttfSMff^rllt^KC- II, vol. J 8 1 — 
20 C-I I, p 5 8 - 6 4 ^nt»7 r tlfiHX h 7 
(iW) O^X^^rO^^±{CGaNSrJ?^X 

fflfctt#«Stl&W* SGa NJtjJfilW^ h 

T*«*«3&«**B L & L T V> * . ^K«dE 

^« o fc © » n «— r> ©/sun? fe^o b^bit^T-r 
basset* h y^-fiffi^(DfSM{^bTM:^bT 

30 «^gs^e^^>^xe^fib<^Mso^ 

[0 0 12] KMttft<Z>&. 4S-T-^&O^^MW^ 
2Et£T£>£o ^tVioTfcGaNSST^^ b^b 

^x@(cii"r^o^i-Y>^j^±, ffsu<ii2^> 

40 5 :1 tlJ^±(Dt>(D^5?Tfe^)o ttft£t>^ft;fc#l,>G 
[0 0 13] ^«S^€:J4)cg^i±^lCtt^3=i^;i/X^ 

^SiaSr^ifi-r^^t^T^^o b^bGaN^jpgftb/t 

p 0 G a fCf!>fi©G a NSr^JpbT, ^SlJEEOfflSifE 
^rtftWJllSftbTG a - G a NK^iiT^ ZL\Zi?%Z>o 

50 ^*SaSflF«»JltJ4Tf#3&:V^ ^:IBa)iBi8iEEISffi*»ia 
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5 

^T^CDG aNJSai,^T^T> G a N«£fe7#?:ELft 
[0 0 14] GaN#JlM^r»JcJift^J:D^?,n^ 0 

1. HVPEfi </W H^-r HMffl/iJcSS; : Hydride Va 
por Phase Epi taxy) 

2. MOCS (^^iSm^rvffl^fi^ : metal lorga 
nic chloride method) 

3. MOCVDS tf€ffi.&mCVDm : metal lorganic 
, chemical vapor deposition) 

4. 

[0 0 15] MOCSH h'J^fMUUATMGa 
£Ga<D#«t&JS£, HC1^^7h^*HH© 
tPl^TixJtx^-ti:— IGaC 1 £-&JGfcU ;in£S«fl-iE 

& + ^U^;tfX<hLT, W^iS^X, HCl^X<^i|i 
g^f^o Ga^4^LT*m^iS^fflV^^er^^^ 
GaNcO^tc^titliiUTigAT^o ^CO^K^fe 

M-T^i&jiS^aTt-^o ;^*cofc^^lir^f±t)I®< ft 
£ e W»^JR*ittt*ffi«j£tt«nfc*ffiT*S*^ ft- 

&dCDJ:5ft^fc#&£>o 
[0 0 16] MO C V DS^G a NllM-Mi tTxl 

TMG^ifGa^fMI^T^TNli &7K?if;tf 

TMGtNH, TObGaNWTf^». Z.<Dtt£ 

BOJ;'5»c»Vi««r®fi5t-r*«'&*ctt, *#ftlHIBtcft 
£ftV^&ftinft^o L^b^BJCDct^JC^ UliGaN 

2E«t sr-m 5 -5 1 -r & t e o ma iiasy ft$t,& ic & * . * 
&Moctttrai;j:'5kij»*fflx©Bia3&«**. ftfitc 

*fi,-r*. •WNrttA* HVPEftlJGal^lt^ 
JSGa&{&5o *7h^*-MSir^i:GaS^fW 
GaM^Am^<o GaliMWiOTS O'CJJl 
±TGaB**K:tt*. ^-d^\7j<:^^X, HCl^« 
tSWJ^AGaCU^^o GaCl 

JtStcilALft^£»feLftV^ « T & W) ffi t> {& T U ft 
[0 0 17] 
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a r«xfittGaNJ|L«fa^A , ba a r«. *aGaNat* 

afire** G a NttHSfllttT* £ t««*56WI 
©J!lOIB9T*S. ED#&l*GaNaS«*iIttt** 

****58Wa>JB2 ©awe**. «*«**-r#se»w 

©Ga NXfifttt^fdVaBrt^renoffi 3©IWT* 

10 £ d £ IC ct o T*g$C(D ^ XA - ^SSiST 5*i56*attt 
£«f ***56M Off? 4 CD g 0<jt$> S o 
[0 0 18] 

[«lBft«f*-r»fc«e>0¥»] G a A s (lll)M 

IH6«<z>±k: [i i-2] ;frrtic*mB-cifctf [-1 i 

0] ^ifflfcfcWIBHT^-rsJKftWT*" 7 ^^*"^ 
W\ 7X*(0*©»^fcttiTG a NAty y y HSAJcfi 

1*\ GaAsafi«ftBte6UTGaN*tt»*«««JftT 

mieaxK«a«ta^bT, ^^ic^icGaNxe 

$*i/-r)l>m$:m<BfclsT. «<tt)l OmmOS 

158 UTlfi*<DG a NaE«<h dtl*<*5EM©GaN 
2£«<Bffifi;frffiT»£. GaAs»«liI*TXy5 1 > 
m^tllctoTiiT^^, $6tCGaNco^Mtt 

30 [0019] *»BB<3E)G a Ntt»flDft*C!>4*«tt*©:fc 
#2lC$>£o *5EMT«GaNaE«<Z>ia@ttl-f >5 L jy k 

3^*^ SXSIMfciSnx hT«iarrsfca6fi:ttGaNa6 
«**jE^*a*av>. -t*r?2 0mm^JW±iT-^b<«l 
(2 5 mm) «Jt, $ 6 \ZU * b < tt 2 -f >^JK 
±£*f £>or>T<&& 0 HJ5e*t»7?*5GaAs*«3&«Ifi:W 
tl«*B«fl!)GaNtS»ft«aT**. 
[0 0 2 0] GaNK«<B»*t*e&T*A>Ky>^ 
^{grt*ft V > J; -5 ft t> <£> T ft fcf & 6 ft v ^ ^(Dtzib 
40 l:«5 0/zm-lmmgg/)UK 1 mm^ix.Tfe-t 

TlSOo 5 0^m£lTO**«i:a6©Wtt*«»T. 
^•ftV^o J:t30Sl<li7OMm-lmmi:l/^)|£*T 

[0 0 2 1] HVPEtt*8J8t50tt, «*3fl«a»K 

* s n» ct 5 ic-r * * • etmnfl g aN^^ 

nft^^e®fe{c5&£*€s,bftVio /^^ctoTtlT^ 

ft ^ig^A ^^6GaN ttilfeS W © O X/N - 
50 lcft^>o ^IK*5Ei0GaN'?XA-S:X¥©±i:ts< 
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7 rlffl^G a A s SSIS^ £>(DA s CD^Srlft <TOTG a 

1 7 flSJcm" 3 I^TT^^, AsOi^tGaNO 
JSltttfan*. LEDt bfc»^J4A s 3WWtt**fl: 

[0 0 2 2] 10 
[5£M(7)^JE^Mji] *5£WOGaNaffittGaAsS 

aAsS«ttl 9 7 0 *Pf^t£^/ut£fK#* £> tl — JlLtejli^ 

««rffi^> fflfiCbfe«^6GaN&asfil^Ji!EA^1i:S* 20 

**H#*#H»b&£©*i&&*G aAsl 
*£±<£>G aN^^W^ilcftfe^feO^bycCDT 5 ^^ 
1 0-0 7 8 3 3 3^) o 
[0 0 2 3] GaNttA*MT3&§. (0 0 0 1) I 
J4/sia»IMt3&«»*. G a A s »4fl2fft*T»S*>& 
(100)^(110) Bftt3EI»Wtt*»fc3S:^. * 
HTGaAs (111) AiBit^^BlMitlTffl 

AjlStl^^ttGaS^llillTV^lTfe^o BI 
HA s K^-©«SbTV>*iBPTr**. 30 
[0 0 2 4] Igj 3 H^^^;Ui53cS^0!-5 VX^(7)--BI^ 

N< -*>S i O, UHifiA^. VX^IIMl 0 0 nm— 

A «»I&iinXT *L^ffi R tf>2f tWjPX L 

fiH2WffiST*£o [1 1-2] *|*Jt£3nj£&LT . 

m.$< 0 p^ii^^LchT^o ^n^ac^-r^ [-no]* 

Srcl^-T^o iT*^b<Hd = 3 ,/2 L/2<hT^o ^£ 
0 IEH£j^GD JM,£ £ ftPES £ t>AV>. 
fcT&S: 1212 um(01EJ5MhV. ge^fLS 6 //m, 

ct536EiEH«JB»W©*««A^©tt, 0 5<Dct^^Pgg 

e> jx-a l fc g a n i)mm icsfcffssrr * £ o\zuz> 
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m**ffiv>£v>3Affia*»*. 

[0 0 2 5] ^tt£OVX^MMCGaN£jfrA£l±£ 

a N^ittg^m^bT^V^^Tilli^G a A s <h^-HMG 
a N^fe-^-r^Ott^^ap^i^ttTr**. mffiWG a N 
j£A<0«^K:tt* A?;7rl±T t ft*<<D*£tfW*fe 
3WC*»**oTfifcALTfr<. *-<Z>lKgK<0 

t w t fc mfo?) tfi&m £ n * . ± Hsrc!fr& 

[0 0 2 6] TX^SrOtt^JCttG a A saS+S^^r^lC 

raic^^uBfr-t^cfc^^-r^o ni;ttflB6H6 (D tew 

[0 0 2 7] d(D»Jt*S!Wffiffl4 5 0t:~5 0 Otaft 
H V P EffilCctoTS 1 0 nm- 1 0 0 nmg^ 

A7 7rittfrti:l4lT#mo B6 (2) 

[0 0 2 8] 8 0 0 1 0 5 0 *C gig UT, 
HVPESTG aNaitf^^v-'V;i/®^:J^|j3c:-r^o cico 
03 A 777H »S5 Af tT « o El 4 cd J: 5 tcMStl L fe^T 

tt* ^mimw^'jj^\^}&m\tt\z"Amiznmr^o & 
^n^i6 (3) cottffiT**. isaocfc^^xA 

ricA*jfif»4J£nTViT»D^f5XttT 
[0 0 2 9] $e>tC3£7K{CJ:oTGa AsSB^Xy^ 
(4) Otfcffifd&S. cnttlttCGaNttfiTft*. 

[0030] ^et^ajac^^xA-srSiaufc^cDT?* 
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fi!tfi£lt£„ EI7«Cin^7K-ro El 7 (1) ij:GaNl 
tR<0_bfCHVPEffitCJ:-pT$ $\zm< G aN£:Xtf^ 
* is * ;H3tfi b fc <£> SrTKi-o FJttlco G a N-Y 

A-tC«OtbLTfi : <o El 7 (2) ttCtttSS-T. TX 
*yh-?XA-SilfiLTB7 (3) OckiteaWTW 
&GaN«5XA-^t5. JK7>«-&. AsttGaNtS 

[0 0 3 1] *^lC^^TXhf^^v^;i//$StCffl^ 10 
*HVPEte£B8fc±oTWBrr*. »ft©S«^ 1 

g|WCteMfttfX#An3, 4^**. Kfi.*fX#XP3 
*6ttHC 1 + H» ©M^X^#A$n§o H 2 tt* 
t'Jt^^o ^OitTKlttGajHSa***. uu 
l:tt&IGa*iReiT*5<. iljftjWttV^&fc-iS^ 
}CJ:oTllPS»$nGa)Sl!«t6tC35:S. HC l^Gai$ 
IC?>C*ftW6nS*&, Ga+HCl-GaClt^5 
K^g^DlWJWGaC ia*T?#£>. C10DG a 
C 1 t + tUt^H a CDjg^^X^Si^iP^CO^ra^ 20 

£o T > : E-7NH 3 +7X^H 2 o?g^r*rx/0^c^e> 
Sl6*Prttc3»X$ns. GaCltNHa tC<£D, Ga 
C 1 +NH 3 -^GaNOIJt^fiu^o 

[0 0 3 2] thfe:/*7tt>'*:7 h8tCJ;oTtHlte#|^ 
affi{c8ft^e>n^o D-fe^7©±l:liGaAsa«9 

*fcttGaNass^«D#n-5ft«. mmwrnrntsnx 

^>o »#Xtt»*XWP 1 o*6#w$ns. HVPE 
S«Ga^a*g^UTffi5o ^bTGaC 30 

[0 0 3 3] Xk^ + ^r^i^^M^^^iCb^frt 
ntftt6&^*«G a tV^ 5 fccatt&V*. G a 

IS^ffi^^MOCte, MOCVDST*5. ^WfctCtt 
&**««*e*tta^6 G a Nj*A£JK*A^*Mfe£ UT 
gAbtb^^ HVPEffiliGa^jPibTilWI: 
U HC 1 (hSJS^tGaC 1 let**. 

[0 0 3 4] *5EM^J:oT^e»nfcGaNl*L^ffi« 

XI 0 1 6 cm" 3 gflrcfc*. nS©e»ftm§ 

fttB* f lfc„ HVPEj*^tf«DK*^flE*fM»1-* 
C<htcJ:-pT^^ U^iS^Sr 1 x 1 0 1 6 c m" 3 - 1 

x i o 2 ° cm- 3 (Dffi.wvmm~vzz>o mmtti£%m 

if^CdiCcfcoT, !l-?»g«8 0cm 2 /Vs- 

soocm 2 /v s (ommizmm7:&z>o itt&mz i x 50 
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10" 1 Qc m~ 1 X 1 0 Q c m<DiJGHBTf|HJiai'fiJ^T ; ^ 
^>o ^U^MEteS X10 ,7 cm- 3 -10 ,9 c 
m" 3 <Dffi,W&m$ils<* tUttttttS X 1 0" 2 Qcm 

[0 0 3 5] C 5 UTffSnfcG a NS«tt«n&«f« 
#<65. JZ^o &\LmX*$>Z> 0 SWT**. 

GaNMd:lT»cCu(!:T^^ 
3£«^S W J2 teL amber t -Bee rflU tdJ; 0 f Eili $ n^OST 

I — I o exp (—ax) 

CCTIo «AWM^ n4«JW3t03ftflE* attflft 

T#e»nfcGaNtt4RCDiRiRfi%»:tt, 4 0 0 nm-60 
0 nmtCt)fcoT<S<, G a NS«ttcn6©«fi©J£ 
fc*fL/iSlijSWffi«:WL.TV^. Mffi^ibfcGaN 

©««WC»JK«ft*« 1 2 0 cm- 1 £tTOfeOS«ft 
S6lC!RiR«ft3&*8 0 cm" 1 fit 

iRflRft*</h*WJMtf/h*V^SJ:^. 		&ft9;	&# 
9; L^lMt^nfcttT^WK^^. &f£&tzm 

m&$>z>o ^ntemzfr?mhtHi$mti<Dmm*T:&z>o 
v> o awe u<ao7^Mjy^7 

[0 0 3 6] Jjn^bfcGaAs2E«(DJi{CGaN^li)c:-M 

VfilR^iK "5 £> , Kfit * £ £l \z J: o T^jOWj: £ . 
BI9<D<fc5tClGaN/GaAs1*'&fls:*^tr. GaNC 
^'A^LTV^o G a A s \ZhJxtt\5\£<Dlfctl& 

a^UT^*. j;S^{c^2ai®ia) : bo^s^o $y£;ft£ 

[0 0 3 7] febt>^^fc«*ft:^-r^<h, GaAsI 

om^f^o GaAsM«D^ltt)SGaNI: 
gfW^tfo dCDKD WG a A s &ttftHffilC-$M<!:& 

[ 0 0 3 8] 1 9 7 O^FftCGaAsSfiilCGaNS 



( 7 ) 



11 



&m^&?T7)Hi&1k-C$>Z>o Mills *JB&&tkr?7s 

[0 0 3 9] -tnttVH^-CfeS^ ^ttD&fcrttL,^ 
[0 0 4 0] Ell 2JcSt)08»3£ffi*SVi««3aSs<^3£ 
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[0 0 4 1] SOtt^XA-<Dlll]^0©lUl^€s!c^^i[ltl 

Hfta^tt, 6 = 8H/D l fcckt>T«J|CT?S , -5. Dtt 
£xA-<0itfire&£>. 2-f >f5XA-©*6llD = 
5 OmmTfc^). 

[0 0 4 2] KOSfctta^tl^fcOtt^WicSft* 

[0 0 4 3] n«*t|lll*6-Ctttoi:*©rtffiJ5B*tt 

[0 0 4 4] 

Hfcl] 



Eb 2 6 



a 



3(1 -v)/ 2 d 



[0 0 4 5] ICJc^T-^SnS. ateWSRjft^K Ett 
Mtt*. vtt#7V>Jt, b dttWMtff 

mxtiute. aim (Htsfc*) -c^^o i 

c:ntt»JK©rt»JEK**«*3&^6fHP'r* S t o n e y 
<£>xt£ ?5JSfc^j"^bTLS^OT (GaNW 
d = b<hLT, 

[0 0 4 6] 

[*2] 



O" = 



3(1 - v)I 



[0 0 4 7] CCDittCjcoT. ^*-a*^o&w-S¥L, 

K0t±*£<. iMi*¥gtt/h;*<fc*. ASMS 
*j*t— tttl««c« K£, SO 

as. srazsssijigu eo, uflsp^a. flaws*© 

[0 0 4 8] >^X^C0J^3{c«fcoTJi^^<it3&^*3-5© 

1. lM»N£R 6 0 0mmK± (tlWrtU . 6 7X1 
O-'ram-' &CF) 



2. SDH ( 5 0 mmtfitS-T?) 0. 5 5mmUTF 

3. AatJSAo 7MPaKT 
[0 0 4 9] oiO, 2fc5£M#*^x/N»cgllLfc^#- 

tt. Ri6 0 0mm, H^0. 5 5mm, a^7MPa 
Tfe5. $e.tC|*|g|5^tt3MP aT$>3£:J;9£P£b 

[0 0 5 0] ^fgB/nc&^T, ltSC<DGaN3&&£jSi& 
-r*#ife©fl!UC. GaNffiffi&ffi^SltLT^WJitCG 
30 aNSJP<XC^*v'^JUjai*a*JMS»f >3y b& 
Mit^' ; 5^ffit)SJlbTti-5. ^(Dmtitem?*-* 1 OS. 

S«<X7-fXT*t5. If $ V » CO TfflKffiftlAt 

aSA>-cv»-5. x 7-f x ix«) o tb Lfc^x/\t>ffi!|£&-e 

[0 0 5 1] 

[HffiM [HJfcflli (HVPEffi7T7MSl:J;5 

G a N4Uf A 1 tSCOf^JS) ] G a A s (111) 
40 SrKJSSggrttCffiBbfc. S«it-rx*tt3 0mm|©P] 
imUtLtz. flfffi CVDglfGaAsI 
tR±C, S i 3 N„ JI&1S£0. 1 tfmlC&SJc^KlJE* 

3 {c^-T-T-ft F *j Mftfc. <ll-2>Xh7-f 7®. 

<1 - 1 0>X h5"fy^cr)3ffliT$.^. 

1. h*yh3g-@3~5 ICtkTJ: 3 tC, GaAs< 

1 1 - 2>\z¥fttmm±\zmtf<mm-irz>&wtf¥¥v 

zF-FtlTDZy. cl = 3. 5/im, L = 4wm. 
50 2 . < 1 1 - 2 >X h 7-f r«t-< 11-2 >^|6jtcsp 



( 8 ) 



13 



3 . < 1 - 1 0 >X h y*-< 11-2 >#|ftjfc¥ 

MmTWIH^6/im B b? ^34* 8 MmT*§. 

[0 0 5 2] £C!>J;<5JWK*HW"fcS i, N 4 
<hbX$doX, GaNn777id:Xt?^ + ytJH^ 

(1) GaN;\*7 7ri« 

jaMnM^^^T^vx^^^^TffiJtanfcG a a si io 

«fcHVPEtt«0>itiK:»«bfc. HVtEftlSXa 
K9I^TGaAs»«ft«5 0 0^ KJinStbifc. 555 CD 
Ga«8 5 Ot:fil±K:ln*ftUGaitl*t-r*. RPW 
X#AP^^>7K^^fXH 2 (h^tTKSl^XHC 1 VMS 
tfX«Ga«fctt£. mtXVO&GaC 1 S-frflRb 
/to 9J©R»^»AP*5**H ! iT^-TNH 
a ©E&SX^IAU 5 0 0*CK:lipJft*nfc»tEiE«» 
TG aCl+NHj a NOJK^B^iS^ £i±G a A s 
K«tC, GaN^itlS^it^o cn(:J;oTGaAsS 
«JLt£#<j7 0 nmCDG a NAy 7 r JB*?#rirt"5o Si 20 
3 N 4 «GaNuJcfiffllfWf^flil*«»OS i 3 N< 
±fcttGaNf4Jft»UftK /b7rl (7 0nm) tt 
(lOOnm) <tt)Sf^, fc^6«©GaAsO 

Vt ICGaNA7 7rI £ £ „ 
[0 0 5 3] (2) GaNXlf^*^*;l/Ji<W0fiJt 
HC lOtASMlfco S«U££5 0 0TC*>Sttl 
0 0 0X£X±tf7co »»HC 1 £GafflfCfaWX#A 

Kffi^xatraUck'S^, GatHCl©S!5i: 
<kt>T»ft^f U ^AG a C 1 £-&0iT£. **/fX*** 
tUttLTfttlTV^SGaC 1 »4T*-^fct)^« 30 
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n^o 7>^7NH 3 £GaC 1 ifilKti&2 Wt£1R<D 
ifi^TKJSl/GaN^Tt^. Ctl4«360*OAy7r 
Ji^Jitcxtf^^^A^^iST^o tx^W (10 0 
nm) Sjffi^^tVX^OJitCGaNtta^jEA^tt 

GaNfiaiiAftttT*5. 0 4, H 5 ttAft 

H£j JB<BIH j&tttt fc***s-t£*s IE A A « 

mme < w wg. < -r t , tt _t*^ g a n mtum b x » 

<o JfcKj£ffi(4 5 0 wm/HtW, rjl 0 0 Am^lf 
^cox t? ^ ^ v ;Wi &J#fi $ ii-fco £ <D <fc -5 K1»C<Z> 

/h £ v > nit izms&tk £ -ais $ * ( ^ 5=- ^ 

o^GaN®il3©rtffl5j6*s^cffiK:(B;«-r*c: 

[0 0 5 4] (3) GaAslfi©Ba 

TfilOIWx 7 f>?lL GaAsS«^4i:» 
SStlfe. G a Nfctf<D%&£hlZ'feL-DfZo MIHSrWItbX 

ft. Kftlli-TlF^hS »2/imA, L = 4 rru 
d = 3. 5 Mm) o M*42«<1 l-2>7 KM/V 
X^X&£o M»3te<l - 1 0>X h^^VX^T 

[0 0 5 5] 
[fgl] 







*r 'J TiftS! 

c m~ 3 


croVVsec 




1 




3 x i 0 18 


2 0 0 


8.3 x 1 0 -3 






6 x i 0 18 


1 5 0 


6 x l O- 3 


f**43 


* h 9>f ^ 


1 x l 0 19 


1 20 


3.5x 1 0" 3 



[0 0 5 6] J >H-y/j:(7)X$>^^n52^m z Fe#M 

©^©jffittiav^mv^o L*>ujtitttft»4ia 
o ffiitr x h 9 -f y vx * » Affitt £ ^ 5 jsc 

£<> $cfi4 0 0 nm-6 0 0 nmtOMffiStt, 4 0 
cm" 1 -8 0cm" 1 X&ofto As©MlB!^ 
ft<hC13> 9X10' 6 cm" 3 X£oft 0 

[0 0 5 7] [Sl*S#J2 (HVPE7f7MgGaN 
fltttil. HVPESGaNIfW) ] 2^>fg0Ga 
As (111) AjII£aMK<h bft« -e^XtC S i 0 2 <D 

<fc3fc«ft1RW-&. 50 



(1) GaNA7 7 7lOM 

[0 0 5 8] 7X^Stt§GaAsSfiSHVPE8 
ISllfco 0 8<£>Stt£<£<5*\ GaS5H800 
X^inSftb^Co MMXtLTH H 2 +HCl*Ga 
jBJC#S, H 2 +NH 3 ttaEtK^iajgJC^^fco ^5 0 
OX (ffiSJaffi) tf){EStc£>^X, GaNA*-/^TJB* 
?T^3cb?to Ay7rlS*tt8 0nmW. 

(2) xe^^S/^JHiOJF^X 
^V^TlfiM?: 1 0 0 0tl:±lffc. ISlbM^X^ 
fsCoX, G a Nxlf^ + S^tiH 8 0 /imSflSlfc. 

(3) GaAs^it 

G a N / G a A s 2£ ffi ^ H V P E |g ffi ^ S UX 0 b 0 
MIS « ICGaN ffi^^^k^jc $ nx ^rWl^ b 

feo cn^3£7K«fXGaAs^tS^X^^>y|^5&b 



( 
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[0 0 5 9] (4) G a NOJIWj* 

Enft+#fcW&»Ufc. EI 6 (4) (0J;5&«iltc& 

G a NfcttK&o fc t> Sr^fcfctf H V P E ISffilr 
t^FLL I«S^ 1 0 2 0ti:LT, HVPES 

07 (1) fc^ttttTC**. ZL<D-f>zfy h\**£M 
Wpl,mhjtmVt'V$>-itz. ftfi»Slt«2 0mm, n 
@5 5 mm^ >zf >y h~Cfc~ifz 0 
[0 0 6 0] (5) ICjc^XA-tfVgJOtt] 
L 

RJ^>]X^-fit-^cfcoT-f >xfy hft«#|ft|K:ifcAtt 
^ftlC^Dfcbfco El 7 (2) C^tJ:3T^^ 0 mi 
fc<]5 0mm, m&3 5 0 /imOGaN#8||fi2 0ft 
&»fco GaNSMUct^5, As. «*it>ki;X 
^i7^^>F<7)l/^;i/T&^fco *>iH (As), 

[0061] (6) mm 

i£*>\Z.^y\±>>fmM, tt±*fOTJ®£b*:, El 7 (3) 
<&<fc5&2SW^XA-Tf»£. ««JjnX*bT^*fc«> 

[0062] ( 7 ) m.m.mm±<omfe 

^>dlvh(OAM (nmmwcott) ?5^iKofc^xA- 

0' 8 cm" 3 TT&^fco ®^®JJS^2 0 0 cm 2 / 

[0 0 6 3] < >rfy h<BT*8 G£fifflMfl<0flO 

Tf*vU-V««J41 0 1 8 cm" 3 , W.TUWmt 1 5 
0cm 2 /VstfeoL I;t»i0. 0 1QcmT$> 

[0 0 6 4] (8) JieKiROJWje 

-S4 0 0 nm-6 0 0. nmH*JtaiRiKffifttt 2 0 cm 
" 1 —4 0 cm" 1 Tcfeotfto 

(9) LED©f^i 
GaNSS^fcOT, ^tfXhtC I nGaN£5£3tJB 

fz&, G a Njt«(D#5Piltf>L E D ttJiaHEtt***:* < 

[0 0 6 5] immW3 (MOC7f7iWfiGaN| 
f^Mt. HVPEGaNSftW) ] G a A s (111) B 
IS:t8i^:LTfl}Ufc. S i 0 2 &m&\Ztt»7* HJ 
V^77^i:J:oT [1-10] *fi»ciStJfS^ h^-f 

[0 0 6 6] (1) GaNAy7rH« 



9 ) 4*BFJ 2000-12900 

0 < CcO{£aTa£4S±:t-9 0 nm»(DGaNA*7 7 7 
H&JFMbfco 

[0 0 6 7] (2) GaNXfcf^*^>t;i/S©-M 
|^US{1(C*5^T, 3S«?Mffi^9 7 OriCi^T, G 
aNX^ + ->tJH*2 5 /zmCOJS^tdBAKbfco 

(3) GaAslWi 
MO Cgf *^ 5 G a N/G a A s HPfSIRO fc'Lfc. M 
J50GaN*fta^flcfiLT^fc. 7h7^7"T7^0 

10 GaN© [1 1-20] *fBj"C&ofc. 
GaAsCO [1-10] ^ftlCG a NO [1 1-20] 
^\ft&&&'?Z>^oZL'T*&Z> 0 ZE7KtCctoTGaA 

[0 0 6 8] (4) GaN<0»{*W"JSRfi 
2 5/zmU^GaNSieitLT, HVPEgil: 
-fe^hLfco 1 0 0 O'CJCiJP^LHVPEfSiCctoXG 

3 1 >?0G a N-f >if7 h SMUfcc 
[0 0 6 9] (5) fc«fc*tfXA-*B 
20 OtUb 

MJUJ^-f it— tdckoT-f >^fy h*ttitft^|pJ(C4 
[0 0 7 0] ( 6 ) Wit 

«io Hi i/fc^xA - * 7 7 e>5 r iE i±±mmis 

fco gfoi IT^)G a NTOI^ XA - *f fc. 

(7) «fKWttCDW£ 
^XA-Oft^dKj^tt^aiiJ^Ufeo niy-CfeoT, 
S©jffiH2 5 0 cm 2 /VsTi^fc. JtJ&tfttt 0 ■ 0 
30 5 Qcm*e$>oL 

[0 0 7 1 ] ^^^»JT1JG a N g#:^ljgic!: b 
T, G aNlMSa^i¥<^S$itTV^ 0 i^ilieg,G 

m\z2 s&*<D&wfiftt£i*it* m atiftxixM*, use 

*fcl^^fcDO®iS|fIl?f|g|fc^:#<®agT#fco G a N 

^wrbrcchc^iat^ (As) , mm (o fctK/t* 

40 [0 0 7 2] VX^OD^^iEHA^OlH^^&^&ffiJC 

r^i Pia ^iig^ pmsp^e; ^3 ^ n ^> g a a 

s tGaN<D»»ffi^«0|*|»iK**IB»T**. fc 

[0 0 7 3] [ftffiM4 (^Stffi^iSrffl^^^D^- • 
] [1-10 0] Xh7^f77X^, 
50 [11-2] Xh7<^TX^, bTX^&ffi^H 



( 10 ) 
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VPEf^J^TGaN^XA^MbfCo 

H 2 +NH 3 £H 2 M*WJ*tf>*8iftfi 

^ 7 *- a - 



18 

mil * «fa**B8 a £ nfc. 

[0 0 7 4] 
S2] 





CO 




G a #£E 
(JtPa) 


NH 9 5>££ 




(Mm) 


(mm) 


<MP«) 




1030 


180 


1 


4 




35 


54 


26 




1030 


180 


1 


6 




40 


58 


28 




970 


180 


2 


6 




120 


1000 


4 




970 


180 


1 


6 


spta 


60 


225 


11 




970 


180 


1 


6 


¥ta 


40 


61 


26 




1020 


240 


2 


6 




300 


10417 


1 .2 




1020 


240 


2 


6 


¥*a 


120 


167 


29 




1030 


240 


1 


6 


¥±a 


70 


125 


23 




970 


360 


2 


6 


Utti 


200 


1488 


5.4 




970 


180 


2 


12 


3£*i 


200 


1359 


5.9 




970 


180 


2 


24 




200 


2604 


3 . 1 



[0 0 7 5] ZL*l<b<Dot>. -f, D, 

liBWl/-7"T*§, 20 

(A) GaMil kP a (1 O" 1 a tm) T*>^ 0 9 
7 0TO\ f 777l • VX^OiilCG a N& 1 H#Rfl/#-ft 
£-t*\ 1 0 3 OtT^^lCSWGaNMfi^tfco 

^ffh4l^m<^xif^^v^;i/^T*^o Hi 3lce^L 

£<> Ell 3^*5V^TtR$lll«iKlS (/xm) T**. K/PI2 
5 Mm- 1 2 0 Mml:MlTl/^« tSMttrttfj£:ft 
(GPa) OC0bA^MSB^^2MP a — 4 30 

OMP a*X?^>^)o (3:<!rA,<!frtn OMP a <fc D :*:^VM*J6IS 
^^M-T^o b^Urtai5jS*«7MP aJETF (7X1 
0- 3 GPa) U^o 

(B) Gaf}EH2kPam 9 7 0TOt7 7 7 
B • VX^(D±lCGaN$r6n#Raxe^^->^;i/^K-g$ 
Wc 0 OfflTfe^o m 1 3 {C^C^KItk 
"To 1)?«7 0 0 0 /zm^RSJicMt^o Ga 
NK*4<£>^iStefflV>o RmaxM2 0/imm G 
aNa£«-j-ffit4 2 0mmX2 0mmT$>£ o SffiftMJte 
»^^rt»**tt/havi. i*i8|irt>^tt0 l 3 icH&tcJ; 40 
-oX^kT<to\Z IMPa-lOMP aTft^ B 

L|^U^T*^0«;-9^j£V^i^r>^ (7 OMm- 
3 0 0 /zm) K0Oltt|Sp^gRttR=7 8 Om 

1 5 0 0 mmT$)^o 
[0 0 7 6] K»J5 (Kll)*¥S0Htt) ] 
C (A) <DtmS«Cii. (B) S^OMWtC^^TlJMJS 

zmmistco mi 4\z^co^^-ro vmamm u 

m) Tfc*. «Wlttllh**aT»*. UMs±N£tt6 0 0 50 



(a) 9 7 ox: in$rw+ i o 3 o^csnsnBfijcfi^KPi-A 

gtt2 0 0mmHTT'»5 o ttS^^gfiOSi L V>H6fflH 
6 0 0mmRlT»5. 6 fliOM^|.CO^:T^@S{CiSb 

( b ) 97ot6 mmnmmm b rajjt**t» < . 

ftt/hS<TSO^K 1 9 7 0$toGaAsi 

[0 0 7 7] [*M^J6 (5ff») ] Kf4AttW»fcJlctt 
b^Co r^BOp^, J8JS1 50 Mm, WSR/S^4MP 
a, Elb^¥& 1 0 3 0mm, Rmax 2 0 Mm^tW: 
^^Ti«Lfc. WJ»fcJ;0MWtt8 0 jtzmtcMoAco 

TSIi*URmax7. 2 nm, Ra2nml:M^b 



* Sr^Jfj bTG a NfiKfiLfc«^©^»JK^*jtttU 
fc. g]l StC^UfccDte, v**£rtaUSrt<DW«£S 
t^57T»5. GaAs^XAlC, < 1 - 1 0 

h?-fy7WSfP«l/WIW (Roll 
Z\ZJ^y*&&Z<D^Zft&^{tVfr>b<D) 12 0 
Mm©GaNS:iSfiJtfct)a 1 t ra®<£> H y 

h^X^&fllfflU WIf 16 0/zm(DGaN«g 

#HE1 x 1 0" 2 a t m (1 k Pa) , NH 3 ^>EE0. 
2 4 a t m ( 2 4 k Pa) . lijcSHSfllJ 9 7 0^, fSCBM 
M2 4 0»7?*5, »MJbTGaAs»tR« 



19 

H$5fe b fco GaNgidBtlGaNO l*jSRiS ^ & X» 

&JflbTiKitLfcGaNS«». 7, h ^frlftlt-tii 

0{«*>&£o Ell 5©*ttttGaN|S»fi:R-rs*ttT 
G a A s <£>< 1 — 1 0>HGa N0< 11—20 
>\Z. GaAs©<l 1-2>I1 GaNO<l-10 10 
0>l:»§. GaNtfKl 1 -2 0>£<1 - 1 0 
0>ttlH3rr*. 
[0 0 7 8] 

[5EW<0j»*] *56Wtt*ffl©GaN*ISft«>XAfetl 
4Hr3~*. ^5^;U/£fitelC«J:2>7&>e>G aNJj®S4»C0teffi 

A^oirXSflii £ C0GaN»iI^X 20 

A^Ga N5E^-T0D36«ch LTfiJJHT* 21 

3ttJSl*a<±***, GaNLED, GaN.LD^Wp 

[HI] GaNtta*fiEfiS-er*fc«)(Oa«*t»iGa 

[02] if^r^^»«Jt^GaNxtf^^->^;^Jc-S 30 
£U*:«<&lC, G a N«/?*mt5 u t lC<toTftT- 

[0 3] f*ajft«jl7XJSGaAs (111) AM 

[04] 77 £ JS* 6 BlbftSW: GaN/b77l 
£ X tf^ * S/ )1>J&& £ -ti-fc *OB<D¥ffl0. 
[05] GaNm^, rtyy yMtDHz-Z £>\zx.¥ 

[0 6] G a A s Sfi(^±l: 77 ^ ^ttTG a NA* 7 40 
77l> GaNxmyt;H»fi$t, GaAs 

s«^x-/^>^*-r^x@$7S"rxg0o (i) a 

GaAs (111) ffite_htC7X^^^3cb7tXgCO 
[0 9] 
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0o (2) ttV^^JCcfcoTffitonTVifeliffli^^A-/ 

:7rJB&AfcR3i*fcxa<DB. (3) tertyyrm* 7 
X ^ <D±\z GaNxm^ ;HS ^iJXS^ 1*;fcXg <D 
0o (4) ttGaAsS«^|^5&bGaNcoa5WBI<h3&: 

[07] GaNSS©±tcS&{cGaN*»</iJt-S$-e: 
TGaN-f>^7 hSf^O LT^XAKT^ 
IgSStilo (1) ttGaNS«tWMLtGaN 
OSyhOH. (2) tt-f >xfy h£F*jjg?DX ^-flt 

h^XAfc«»fbTl>*ttS**f H. 
(3) tt-KOtUSnfc^XACOH. 
[0 8] HVPES«^>«MftWfWH 0 
[0 9] GaAsffiKc^JitCGaNSrjSS^-tirfcia'&a 

* <D fc » E o T V > S tfc 18 £ tkT Iff IS 0 o 
[010] t)bt)rt»JK*30«Ot?»ntt, GaAsSI* 
* L tc^co G a N tt^ffl fc*C* £ £ ^^TWrlfil 0. 

[011] t>bt>GaNS#oa:^lCrt»jt:*3WSft"r 
5ft:6tfGaA s SlftaSbTfeWlffi^^aszi t*«T 

[0 12] GaNC/XA(DJEOO^SS*^T0. 5 0m 
mifillcD ^ XA O *ift«5<BtfE 0 ±£* 0 H (Ccfco TJE 0 S 

[013] # XS£:ft£ (A) 1 8 0 0 sccm-900 
s c cm<£>— f^t (B) 9 0 0 s c cm(7)-|Ffi:o^ 

[014] iqUA&Kft (30ft) &B«litft (9ft) 
[0 15] X h^/vx^i hTX^ffifflWrOrt 

1 i^^tp 

2 t-^ 

3 jm»^X#AP 

4 wmiittxu 

5 Gaffl 

6 GaiSJR 

7 it-try^ 

8 ->^^h 
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